Purpose. In this study, we aim to describe and compare the demographical, clinical and laboratory features of leptospirosis and dengue co-infections (LDCI) against single leptospirosis infections in Malaysia.
INTRODUCTION
Leptospirosis is a zoonotic disease of worldwide distribution caused by spirochetes of the genus Leptospira [1] . Human infection results from direct or indirect contacts via exposure to water, and soil contaminated with infected animal urine [2] . Dengue is an arboviral disease caused by infection with any of four dengue virus-types (1-4) [3] .
Most patients infected with Leptospira spp. or dengue virus experience either no symptoms of disease or a self-limiting acute febrile illness. However a significant percentage of leptospira infection (5-15 %) resulted in death typically from organ failure, pulmonary haemorrhage and septic shock [4] [5] [6] . On the other hand, the case fatality rate of severe dengue ranged from 0.1-10 % and death was frequently due to hypovolaemic shock as a result of plasma leakage with or without severe haemorrhage [3, 5, 7] .
Leptospirosis and dengue co-infections (LDCI) have been reported in Malaysia [8] [9] [10] and many other countries endemic for both disease like India, [11] Jamaica [6] , Barbados [12] and Mexico [13] , with incidence rates ranging from 0.9-8 %. Cases were reported mainly during and soon after the rainy season [14] . Previous reports generally describe overlapping clinical presentation of both leptospirosis and dengue infection and worse prognosis in patients with LDCI [10, [14] [15] [16] [17] [18] [19] .
While successful dengue management relies on adequate hydration and close monitoring, early detection and prompt initiation of antibiotics are essential in the management of leptospirosis to avoid fatal complications [20] [21] [22] .
In this study, we aim to describe and compare the demographic, clinical and laboratory features of LDCI against single leptospirosis infections in Malaysia.
METHODS
This study involved collecting demographic, clinical and laboratory data from the admission records of patients from various hospitals in Malaysia who were referred for leptospira confirmatory tests to the Institute for Medical Research Kuala Lumpur, which is the referral laboratory for diagnosis of leptospirosis in Malaysia. Data were collected from 2011 to 2015.
Confirmation of leptospira infection
Leptospirosis was confirmed by one of these criteria based on the latest guidelines from the World Health Organization (WHO) and Ministry of Health (MOH) Malaysia: (i) serum micro agglutination test (MAT) for a single sample with a titre of !400; (ii) a fourfold rise in the MAT titre when paired samples were available or a leptospira DNA was detected by PCR from a patient's blood sample [21, 23] .
Data collection and analysis
The demographic, clinical and laboratory data of patients with confirmed leptospira infection were collected from the admission records. Laboratory data collected included dengue diagnostic assay results which are non-structural protein 1 (NS1) antigen and/or dengue IgM antibody, full blood count, coagulation profile, creatinine kinase, renal function test and liver function test. All data were taken from the records at the time of admission.
The study subjects were then categorized into two big groups which were single leptospira infection and LDCI. Under LDCI, patients were further divided into two subgroups; confirmed LDCI (positive result for dengue NS1 protein) and probable LDCI (positive result on dengue IgM only). Only the confirmed LDCI group were analysed alongside single leptospira infection as only the presence of NS1 protein may indicate an active dengue infection during the period of data collection [22, 24] .
Multivariate analysis was conducted using IBM SPSS Statistics for Windows software, version 20.0 (IBM, Armonk, NY) and Microsoft Excel 2007 (Microsoft, Redmond, WA).
Frequencies of demographic profiles for all patients were determined. Parametric tests, i.e. independent t-tests, were used to study the correlation between two normally distributed quantitative data and a Mann-Whitney test was performed for non-normally distributed quantitative data. Non-parametric tests, i.e. chi-squared tests of association, and Fisher's exact test were used to look for a correlation between qualitative data using SPSS software. Multiple logistic regression analyses was also carried out for significant clinical features of LDCI.
RESULTS
Out of the total 2068 leptospira-positive cases diagnosed in our laboratory, only 29.11 % (n=602) were tested for dengue during their admissions and included in this analysis. Among those tested for dengue during their admission, 30.56 % (n=184) had positive dengue serology of which 7.31 % (n=44) patients tested positive for the NS1 antigen and were grouped as confirmed LDCI, while only 23.26 % (n=140) tested positive for dengue IgM and thus grouped as probable LDCI and not included in the analysis of correlation (refer to Fig. 1 ).
Within the LDCI group, male patients predominated with a ratio of 2.4 : 1 compared to females. The mean age of those with confirmed LDCI was 29.25 (±13.08) years and those with single leptospira infection was 32.21 (±17.63) years. As for the distribution of confirmed LDCI among ethnic groups, 52.33 % of LDCI patients were Malay, followed by The statistically significant clinical presentations of confirmed LDCI in our dataset were only myalgia and arthralgia. Other than that, even though they have not reached a statistically significant correlation in this dataset, it was interesting to note that nausea, vomiting, convulsions and hepatomegaly were more common in LDCI whereas calf pain, cough, haemoptysis, splenomegaly, chills, rigors, retro-orbital pain and rashes were seen more predominantly among the leptospira single infection. Calf pain and lymphadenopathy were only seen in the single leptospira infection group and absent in the confirmed LDCI group (refer to Table 1 ).
Among the laboratory features, thrombocytopenia and elevated alanine and aspartate transaminases were more significantly associated with LDCIs. Whereas anaemia, leucocytosis, uraemia, hyperbilirubinaemia, hypercreatinaemia, prolonged prothrombin time and high alkaline phosphatase were significantly higher in the single leptospirosis infection group (refer to Tables 2 and 3 ).
Multiple logistic regression analyses were used to identify the predictors of LDCI among the statistically significant parameters with a P-value of <0.05 from the chi-square analysis (refer to Tables 1 and 2 ). It was found that only the presence of thrombocytopenia has a significant predictive value for LDCI (refer to Table 4 ).
As for outcome, only 11.45 % (n=5) of confirmed LDCI cases and 10.22 % (n=14) of probable LDCI cases had to be admitted to the intensive care unit as compared to 17.42 % (n=73) in the single leptospira infection group. Death occurred in 1.32 % (n=3) of the confirmed LDCI group as compared to 3.83 % (n=16) in the single leptospirosis group.
DISCUSSION
Leptospira and dengue viruses are both important causes of acute febrile illness in Malaysia and other tropical countries around the world. Clinical manifestations of both leptospirosis and dengue may range from asymptomatic or mild self-limiting febrile illness to severe fatal disease [8, 25, 26] . Meanwhile, previous reports and publications on LDCI demonstrates severe disease and poor clinical outcome [3, 10, 18, 19] .
The prevalence of confirmed LDCI in our dataset which was 7.31 % is almost twofold in comparison to another local dataset from a single state study identifying leptospira coinfection amongst dengue-positive cases in Selangor in which 4.1 % of a total of 268 cases of dengue were found to be co-infected with leptospira [9] . This prevalence is also almost fourfold in comparison to a study in India which reported 1.30 % LDCI out of a total of 1814 cases [25] and Jamaica which only reported 1.60 % LDCI out of a total of 3165 cases [27] .
The effect of demographic factors such as male sex, being immigrants and living in a high-density urban location on the incidence of LDCI in this study echoes findings not only in Malaysia but also many other parts of the world [9, 28] . The most recent study on the epidemiology of leptospira in Malaysia described a male:female ratio of 3.69 : 1 owing to the involvement of males in sectors with higher risk of exposure to leptospira [29] . Similarly, dengue prevalence is reported to be higher in proportion among the male group as compared to the female group with the proportion of males from dengue cases reported to the Ministry of Health ranging from 54.7 to 61.5 % from 2000 to 2011 [30] . Factors associated with urbanization such as poor housing, inadequate clean water supplies, as well as poor sanitation and waste management all contribute to a favourable setting for proliferation of infectious disease vectors like rodents and insects [28, 31] . High proportion of LDCI amongst the immigrant group in this study may also be associated with their large involvement in the labour sector in Malaysia, working at places like construction sites and agricultural sectors while living in a poor housing area [32] .
All cases of co-infection in this study were confirmed using laboratory tests. However, we do need to acknowledge the limitations of each of these tests. The diagnosis of leptospira was based on the latest guidelines from WHO and Ministry of Health (MOH) Malaysia, which is a titre of !400 in serum MAT for a single sample or a fourfold rise in the MAT titre with paired samples or a leptospira DNA detected by PCR. While detection of leptospira DNA on PCR can confirm an acute infection, it is not always feasible to PCR for all patients due to logistic and financial constraints. On top of that, even though the serum MAT is a test with high specificity and considered as the gold standard test for diagnosis of leptospirosis, there had also been concerns on false negative results and low sensitivity when compared to detection of lepto IgM by ELISA orlatex agglutination test [33, 34] .
On the other hand, for cases already determined as positive for leptospira, an acute infection with dengue, i.e. confirmed LDCI in this study was decided by a positive NS1 antigen test. This is on the basis that the NS1 antigen is a highly conserved glycoprotein essential for virus viability and can be detected in the serum of patients infected by dengue virus as early as day 1 and lasts only until around day 9 post onset of symptoms. Even though NS1 is a sensitive indicator for acute and active infection, it is important to note that the sensitivity of NS1 antigen detection may drop from day 4-5 of illness, a false positive may happen in chronic diseases Bold numbers represent a significant P-value (<0.05).
Laboratory features Frequency among confirmed LDCI % (n) n=44
Frequency among single leptospirosis infection % (n) n=418 and haematological malignancy and that detection rate may be lower in secondary compared to primary infection [22, 24, 35] . In contrast, because IgM antibodies tend to be detected from day 5 and may still remain detectable for over 90 days of illness [36] there is no telling whether a positive test is due to an active or past infection within the last few months. Therefore, cases with only positive dengue IgM were only grouped as probable co-infection and omitted from correlation analysis between LDCIs and single leptospira infection.
Pvalue
This diagnostic challenge may be further complicated by the high rate of false positivity in dengue serological tests which has been shown to cross-react with other infections such as leptospira, malaria, toxoplasmosis and Japanese encephalitis [37] [38] [39] [40] , as well as connective tissue diseases, e.g. rheumatoid arthritis [41] .
With the advent of a dengue point of care test kit that is widely available in a primary care setting, e.g. rapid combo test as compared to having to wait for leptospira serology results which as for now, can only be performed in laboratories in most parts of this country, clinicians may be more likely to diagnose dengue or make an initial diagnosis of and treat patients as dengue instead of leptospira in cases of acute febrile illness [22, 41, 42] causing possibly lifethreatening delay in starting antibiotics in cases of leptospira or LDCI [21] .
Similar to previous studies, this recent study demonstrates that there is only a thin distinguishing line between clinical presentations of LDCI and single leptospira infection. In terms of clinical symptoms and signs, only myalgia and athralgia are found to be significantly higher in the LDCI group while jaundice is higher in the single leptospira group. On the other hand, the significantly distinguishing baseline laboratory features of LDCI in this study were only thrombocytopenia as well as a high level of alanine and aspartate transaminases. Multiple logistic regression only reveals a significant predictive value for LDCI with thrombocytoepnia. These non-specific clinical symptoms and signs in co-infection and between the two diseases were similarly demonstrated in other related studies [9, 20] . For example, a local study on dengue and leptospira coinfection by Suppiah et al. reported that only shock was a significant distinguishing clinical feature of LDCI as compared to single dengue infection and there were no significant laboratory features that can be associated with LDCI [9] . Meanwhile, a comparative study to distinguish between leptospira and dengue infection in Thailand by Libraty et al. showed that the only significant distinguishing feature between the two diseases was positive tourniquet tests seen more frequently among patients with dengue. Interestingly, the study also reported raised aspartate transaminase as occurring more frequently in dengue as compared to leptospira [43] . To our best knowledge, there has been no previous study that has yielded a significant difference in association between laboratory features of LDCI and leptospira single infection. Therefore, the information found in this study, in which thrombocytopenia and high level of transaminases are significant laboratory features of LDCI and may provide clues for clinicians in suspecting possible LDCI.
Our study including the available data emphasize how diagnostic confusion between the early symptoms of leptospirosis and dengue may have contributed to the high mortality observed during epidemics [20, 43] . It can be deducted from our dataset that common clinical and laboratory features of dengue [20] are actually more prominent than leptospirosis [15] in cases of LDCI in this study. This may answer the question of why clinicians are more likely to diagnose dengue as compared to leptospirosis or co-infection in cases of acute febrile illnesses. For example, a study in north-eastern Malaysia has shown that 52.4 % of cases with final diagnosis of dengue fever until discharged were actually also positive for leptospira MAT [8] but was not treated as leptospirosis or possible LDCI. A study in Thailand also reported that none of the patients in their dataset of acute febrile illnesses in children with leptospirosis were correctly diagnosed and 33 % of them were diagnosed as dengue or scrub typhus in a semi-rural region of Thailand [43] .
A report in 2014 suggested early endothelial involvement in infection of leptospira and dengue is associated with high mortality in cases of co-infection [17] . Previous case reports also described increased fatalities in co-infection [3, 18, 25, 26] . However, the outcome seems to be better in our small cohort of patients with LDCI compared to single leptospira infection. Interestingly, this is in line with another study on LDCI in Malaysia by Suppiah et al. which also noted that there seems to be no severe dengue cases recorded among the group of dengue co-infected with leptospirosis [9] .
It would be interesting to study a possible cross protective mechanism between these two infections and to have a prospective study to determine the fundamental cause of LDCI in this part of the world, whether they are essentially random due to the endemicity of both diseases in this region or actually selective and synergistic in nature.
Limitations
Our study only included retrospective rather than prospective data from hospitalized patients. Therefore, its conclusions cannot be extrapolated to the spectrum of diseases that do not present to the hospital. Some potentially useful clinical variables also may not have been included due to the retrospective nature of our study. A selection bias may have also affected the analysis owing to the retrospective collection of data among the leptospira-positive group of cases in our lab.
Conclusion
There is a considerable prevalence of LDCI in this country of which overlapping demographic, clinical and laboratory presentations pose diagnostic and therapeutic challenges among clinicians. Awareness and knowledge regarding these diseases should be strengthened, especially among primary health care to improve the ability to distinguish between the two pathogens and recognizing a high possibility of co-infection. Data from this study is hoped to increase awareness, knowledge and ability to pick up co-infection in endemic populations and as a result assist in the initiation of appropriate therapy and reduction of mortality. This data also raise the need for a better and more accessible point of care and laboratory test for leptospirosis in this country.
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